Genomic instability is a characteristic of most cancers and it is argued that genomic instability is a driving force for tumorigenesis. Data herein demonstrate that genomic instability, as evidenced by microsatellite instability (MSI) and promoter methylation of DNA mismatch repair genes, is common in individual glands of pre-malignant colorectal lesions and raises interesting questions about the role of MSI in the development of colorectal carcinoma.
1 describe heterogeneous promoter methylation and microsatellite instability (MSI) in individual glands of pre-malignant colorectal lesions, demonstrating that genomic instability can originate in very early colonic dysplasia. Moreover, their data identify frequent within-tumour subclones marked by their MSI-status or particular patterns of promoter methylation, and raises the question of the prognostic significance of these clones.
Tumours that show microsatellite instability (MSI þ ), account for about 15% of all colorectal cancers (CRCs). Approximately 5% of CRCs occur in individuals with the HNPCC syndrome, who have inherited a germline mismatch repair gene mutation, [2] [3] [4] whereas the other 10% are sporadic and largely caused by hypermethylation of the MLH1 gene promoter, leading to loss of the MLH1 protein. [5] [6] [7] These MSI þ CRCs, commonly located in the right side of the colon, are typically poorly differentiated, but have a relatively favourable prognosis, 3, 4, 8, 9 thus warranting specific therapy. However, the evolution of MSI during the carcinogenic process has remained poorly understood.
Beggs et al. 1 have sought to address this by examining both MSI (identified by slippage at BAT25 and BAT 26) and promoter methylation of DNA mismatch repair genes (MLH1, MSH2, MSH6, PMS2, MGMT and MLH3) via methylation-specific MLPA in individual crypts extracted from colonic polyps. A total of 273 individual adenomatous crypts were isolated by microdissection from 91 sporadic polyps, which were an approximately equal mix of adenomatous and hyperplastic polyps. MSI was detected in about 21% of isolated glands, with roughly half of both adenomatous and hyperplastic polyps showing a mixture of MSI þ and MSS glands within a single polyp. MSI status was significantly associated with loss of HMLH1 expression, however, not all glands with HMLH1 loss were MSI þ . Hyperplastic glands in particular showed methylation of the DNA repair genes, notably in PMS2, MLH3 and MSH3, and multivariate logistic regression modelling showed that these methylation events are potentially significant in initiating MSI.
The mixture of MSI þ and MSS crypts within a single polyp is indicative of the time that the MSI þ phenotype evolved. A clonal ordering argument 10 implies that in the heterogeneous polyps MSI þ likely evolved as a subclone after the onset of neoplastic growth, whereas in the wholly MSI þ polyps the evolution of MSI likely occurred in the original adenomatous crypt prior to tumour growth. The timing of MSI development is a contentious issue; 11 the data of Beggs et al.
1 are indicative that is no single 'MSI pathway' to cancer and instead argue that MSI can develop at different points along the adenoma-carcinoma pathway in a manner that is largely independent of the degree of dysplasia.
Interestingly, the frequency of MSI described by Beggs el al. 1 in their gland-by-gland analysis is higher than has been reported previously. Beggs et al.
1 suggest that the previously reported lower rates of MSI (2-15%) may reflect that previous analyses have considered whole-polyp-DNA aggregates as opposed to single crypt lysates. In the cases where only a few glands are MSI þ , the majority microsatellite stable DNA obscures the MSI þ DNA. Analysis at the individual gland level is therefore suggested to more accurately determine the true level of alteration and heterogeneity.
Given the differential diagnosis and treatment of MSI versus non-MSI cancers, a relevant question here is how the detection of a focal MSI þ clone within a benign adenoma relates to the development of a full-blown MSI þ cancer. The unprecedentedly high frequency of MSI þ found by Beggs et al.
1 gland-by-gland analysis would suggest that few MSI þ clones grow to routinely detectable size, or progress to form an MSI þ cancer. Thus, to assess the clinical implications of these data, it is critical to understand how and when MSI þ clones are established and how they can drive progression to malignancy.
Previous studies have identified hypermethylation of the MLH1 gene promoter region in histological normal colonic mucosa from some CRC patients, 12 and have shown that this is a common age-related event, largely unrelated to the MSI status of the tumour. 13 Indeed, immunohistochemistry staining for MLH1 showed generally positive staining of normal crypts, but with patches or single crypts where staining was weak or absent. Together, these studies suggest a model in which a gradual agerelated epigenetic drift at the MLH1 promoter leads to the occurrence of an MSI phenotype. 13 Conceivably, this same epigenetic drift could also lead to demethylation of the promoter and the subsequent extinguishing of the MSI þ phenotype. Thus, the MSI phenotype may be only transitory and typically not contribute to future cancer evolution. The methodology employed by Beggs et al.
1 did not measure specific patterns of methylation at each locus; collecting these data could conceivably shed light on the dynamics of MLH1 promoter methylation and the permanency of MSI þ clones. MSI is usually assumed to accelerate carcinogenesis by increasing the rate at which selectively advantageous mutations are accrued. However, MSI can also potentially retard the growth of a clone by increasing the rate of deleterious mutation, and eventually lead to death of the clone.
14 Thus, it is conceivable that many of the focal MSI þ clones will go extinct due to their accrual of deleterious mutations; the clones that persist may be those which happen to accrue selectively advantageous mutations. The data of Beggs et al.
1 point to the need for a better understanding of the clonal evolution of MSI þ versus MSS clones within an adenoma in order to understand cancer aetiology. In summary, the present paper 1 has highlighted the importance of refining molecular studies, to analyse molecular alterations at the level of individual glands, including in normal tissue, to accurately investigate genomic instability and its role in driving the development of CRC.
